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(57) ABSTRACT

A drive device of a hybrid vehicle includes an engine and an
electric motor acting as power sources, and further includes:
afirst rotating member coupled to the electric motor; a second
rotating member to which power from the engine is transmit-
ted; and a gear pair made up of helical gears formed on the
first rotating member and the second rotating member to
couple the first rotating member and the second rotating
member in a power transmittable manner, within a case, an
inner wall extending from an outer wall of the case toward an
inside of the case is in the case, and an elastic member press-
ing the first rotating member toward the inner wall is provided
in a preloaded state between the first rotating member and the
inner wall.

6 Claims, 5 Drawing Sheets
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1
DRIVE DEVICE FOR HYBRID VEHICLE

TECHNICAL FIELD

The present invention relates to a technique of reducing
rattling noise in a drive device of a hybrid vehicle.

BACKGROUND ART

A drive device is conventionally well-known that can
reduce rattling noise generated when gear members vibrate in
a thrust direction and collide with a case because of rotational
variation of helical gears disposed in a drive system of a
hybrid vehicle and meshed with each other. For example, this
corresponds to drive devices of hybrid vehicles of Patent
Documents 1 and 2. In these drive devices, the reduction of
the rattling noise is achieved by a control device controlling
the drive device and the control device changes an operation
point of an engine so as to reduce the rattling noise. For
example, a control device of Patent Document 1 controls an
engine rotation speed to a predetermined value or higher if a
condition of occurrence of the rattling noise is detected in the
vehicle power transmission device. When the engine is con-
trolled in this way, the engine is prevented from being oper-
ated in a region with large torque variation and the rattling
noise is reduced.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Laid-Open Patent Publication
No. 11-93725

Patent Document 2: Japanese Laid-Open Patent Publication
No. 2008-201351

SUMMARY OF THE INVENTION
Problem to Be Solved by the Invention

In Patent Documents 1 and 2, as described above, the
reduction of the rattling noise is achieved by the control
provided by the control device. Since the rattling noise tends
to occur in a hybrid vehicle when torque of an electric motor
for running (electric motor torque) is zero or substantially
zero, control of increasing a change rate of the electric motor
torque is provided near the electric motor torque of zero in the
process of change in the electric motor torque associated with
positive/negative inversion so as to achieve the reduction of
the rattling noise. Although the reduction of the rattling noise
is achieved by the control of the engine or the electric motor
in a conventional technique in this way, the engine or the
electric motor is controlled with priority given to the reduc-
tion of the rattling noise and, therefore, this may lead to
deterioration in fuel efficiency or drivability in exchange for
the reduction in the rattling noise. Such a problem is unknown

The present invention was conceived in view of the situa-
tions and it is therefore an object of the present invention to
provide a drive device of a hybrid vehicle capable of reducing
rattling noise in a drive system without leading to deteriora-
tion in fuel efficiency or drivability.

Means for Solving the Problem
To achieve the object, the first aspect of the invention

provides (a) a drive device of a hybrid vehicle including an
engine and an electric motor acting as power sources, and
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comprising: a first rotating member coupled to the electric
motor; a second rotating member to which power from the
engine is transmitted; and a gear pair made up of helical gears
formed on the first rotating member and the second rotating
member to couple the first rotating member and the second
rotating member in a power transmittable manner, within a
case, characterized in that (b) an inner wall extending from an
outer wall of the case toward an inside of the case is formed in
the case, and (c) an elastic member pressing the first rotating
member toward the inner wall is provided in a preloaded state
between the first rotating member and the inner wall.

Effects of the Invention

Consequently, when the torque of the electric motor
becomes zero or close to zero, no torque may be transmitted
to the first rotating member and the first rotating member may
enter a floating state. In this case, when rotation variation due
to explosion variation of the engine is transmitted to the first
rotating member and causes the first rotating member to
vibrate in the rotation direction and the thrust direction (axial
direction), rattling occurs that is collision between the first
rotating member and the case, and an impact force thereof
vibrates a case surface and generates the noise, the so-called
rattling noise. In this regard, since the elastic member presses
the first rotating member toward the inner wall of the case in
this configuration, the first rotating member can be allowed to
collide with the inner wall side even when the rattling occurs.
Therefore, because the impact force due to the rattling is not
input to the outer wall side of the case, the rattling noise is
reduced that is generated by the vibration of the outer wall
surface of the case.

Preferably, the second aspect of the invention provides the
drive device of a hybrid vehicle recited in the first aspect of the
invention, wherein the gear pair is made up of a first gear
formed on the first rotating member and a second gear formed
onthe second rotating member and meshed with the first gear,
and wherein when the electric motor outputs a torque equal to
or greater than a predetermined value set in advance, the first
rotating member is biased toward the outer wall of the case by
athrust force acting on the first rotating member against a bias
force of the elastic member. Consequently, the first rotating
member is allowed to collide with the inner wall in the torque
region of the electric motor in which rattling occurs in the first
rotating member and, when a greater torque is transmitted by
the electric motor, the gear reaction force in the thrust direc-
tion can be received by the outer wall, thereby allowing the
inner wall and the outer wall of the case to receive support
load of the first rotating member. Therefore, since support
load applied toward the inner wall is reduced, deterioration in
durability can be suppressed in the part supporting the first
rotating member of the inner wall.

Preferably, the third aspect of the invention provides the
drive device of a hybrid vehicle recited in the first or second
aspect of the invention, wherein (a) the inner wall is a partition
wall in the case separating a motor chamber housing the
electric motor and a gear chamber housing the first rotating
member and the second rotating member, wherein (b) the first
rotating member is rotatably supported via an inner-wall
bearing by the inner wall, wherein (¢) an inner ring of the
inner-wall bearing is press-fitted into the first rotating mem-
ber, and wherein (d) an outer ring of the inner-wall bearing is
pressed by the elastic member against a side wall formed on
the inner wall. Consequently, since the outer ring of the inner-
wall bearing is pressed by the elastic member against the side
wall, the first rotating member is pressed against the inner
wall via the inner-wall bearing.
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Preferably, the fourth aspect of the invention provides the
drive device of a hybrid vehicle recited in the third aspect of
the invention, wherein a damping element suppressing reso-
nance due to the elastic member is disposed between the inner
wall and the inner-wall bearing. Consequently, although the
resonance system is formed by disposing the elastic member,
the damping element can suppress the vibration of the reso-
nance system.

Preferably, the fifth aspect of the invention provides the
drive device of a hybrid vehicle recited in any one of the first
to third aspects of the invention, wherein (a) a rotor shaft of
the electric motor and the first rotating member is coupled by
spline fitting, and wherein (b) a damping element suppressing
resonance due to the elastic member is disposed in a gap
formed in a spline fitting portion between the rotor shaft of the
electric motor and the first rotating member. Consequently,
although the resonance system is formed by disposing the
elastic member, the damping element can suppress the vibra-
tion of the resonance system.

Preferably, the sixth aspect of the invention provides the
drive device of a hybrid vehicle recited in the third aspect of
the invention, wherein the first rotating member is further
rotatably supported via an outer-wall bearing by the outer
wall of the case, and wherein a damping element suppressing
resonance due to the elastic member is disposed between the
outer wall and the outer-wall bearing. Consequently, although
the resonance system is formed by disposing the elastic mem-
ber, the damping element can suppress the vibration of the
resonance system.

Preferably, the predetermined value of the torque of the
electric motor is set to a threshold value of a torque region in
which rattling is apt to occur in the first rotating member.
Consequently, the rattling noise can be reduced by colliding
the first rotating member with the inner wall in a torque region
in which rattling occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a skeleton diagram for explaining a structure of a
hybrid vehicle to which the present invention is applied.

FIG. 2 is across-sectional view for explaining a structure of
a drive device for a hybrid vehicle included in the hybrid
vehicle of FIG. 1.

FIG. 3 corresponds to a diagram when the drive device for
a vehicle of FIG. 2 is viewed from the direction parallel to
axes, and a simplified diagram of arrangement positions of a
counter shaft, a power transmission shaft, a differential gear,
a composite gear shaft, a first electric motor, and a second
electric motor and arrangement positions of the axes.

FIG. 4 is a partially enlarged cross-sectional view of a
portion A indicated by a dashed-dotted line near the third axis
C3 of FIG. 2.

FIG. 5 is a schematic of a configuration of the drive device
for a vehicle of FIG. 2.

FIG. 6 is a partially enlarged cross-sectional view of a
portion around the second electric motor and the power trans-
mission shaft in the drive device for a hybrid vehicle that is
another example of the present invention.

FIG. 7 is a diagram of a spline fitting portion of FIG. 6
viewed in the axial direction.

FIG. 8 is a diagram for indicating an alternative mechanism
of'a damping element of FIG. 6.

MODE FOR CARRYING OUT THE INVENTION

Preferably, an outer wall ofthe case corresponds to a partin
contact with an exterior space of the case and an inner wall
corresponds to a part not in contact with the exterior space of
the case.
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Preferably, a disk spring, rubber, etc. are used for the elastic
member.

Preferably, friction material, resin, etc. are used for the
damping element.

An example of the present invention will now be described
in detail with reference to the drawings. In the following
example, the figures are simplified or deformed as needed and
portions are not necessarily precisely depicted in terms of
dimension ratio, shape, etc.

FIRST EXAMPLE

FIG. 1 is a skeleton diagram for explaining a structure of a
hybrid vehicle 6 (hereinafter referred to as a vehicle 6) to
which the present invention is applied. FIG. 2 is a cross-
sectional view for explaining a structure of a vehicle power
transmission device 10 making up a hybrid vehicle drive
device 7 (hereinafter referred to as a drive device 7) included
in the vehicle 6. The drive device 7 includes an engine 8 such
as known gasoline and diesel engines acting as a running
drive force source (power source), and the vehicle power
transmission device 10 (hereinafter referred to as a power
transmission device 10) transmitting power of the engine 8 to
drive wheels 9. As depicted in FIG. 2, the power transmission
device 10 includes four rotation axes (C1 to C4) parallel to
each other in a casing 12 (corresponding to a case of the
present invention) that is a casing body of the power trans-
mission device 10. The first axis C1 is coincident with a
rotation axis of the engine 8 and, on the first axis C1, an input
shaft 14, a power distribution mechanism 28, and a first rotor
shaft 16 of a first electric motor MG1 are rotatably supported.
On the second axis C2, a counter shaft 18 is rotatably dis-
posed. On the third axis C3, a power transmission shaft 20 and
a second rotor shaft 22 of a second electric motor MG2 are
rotatably supported. On the fourth axis C4, a differential gear
device, i.e., a differential gear 24 is rotatably supported. The
second electric motor MG2 corresponds to an electric motor
of the present invention.

The casing 12 is a non-rotating member made up of three
case members, which are a housing 12a, a case 125, and a
cover 12¢, and the case members are fastened at axial end
surfaces (mating surfaces) by bolts to make up the one casing
12. The case 1254 is a portion of the casing 12 and has a
partition wall 13 extending from a cylindrical outer wall
thereof toward inside of the casing 12 and substantially per-
pendicular to the rotation axes. Since the partition wall 13 is
formed, a motor chamber 19 is formed that houses the first
electric motor MG1 and the second electric motor MG2 in the
casing 12. On the opposite side of the motor chamber 19
across the partition wall 13 in the casing 12, a gear chamber
21 is formed that houses the power distribution mechanism
28, the counter shaft 18, the power transmission shaft 20, the
differential gear 24, etc. As described above, the partition wall
13 acts as a wall separating the motor chamber 19 and the gear
chamber 21. The partition wall 13 corresponds to an inner
wall of the present invention.

The input shaft 14 is rotatably supported around the axis C1
via a needle roller bearing 15 and a thrust bearing 17 by the
housing 12a making up the casing 12.

A damper device 26 and the power distribution mechanism
28 consisting of a planetary gear device are disposed on an
outer circumferential side of the input shaft 14. The damper
device 26 has a function of absorbing torque variation trans-
mitted from the engine 8 and is provided between the engine
8 and the input shaft 14 in a power transmittable manner. The
damper device 26 has an outer circumferential portion fas-
tened by a bolt 36 to a disk-shaped flywheel 34 coupled to a
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crankshaft 32 of the engine 8 and an inner circumferential
portion of the damper device 26 is spline-fitted to one axial
end of the input shaft 14.

The power distribution mechanism 28 is mainly made up of
asun gear S and aring gear R rotatable around the first axis C1
and a carrier CA rotatably and revolvably supporting a pinion
gear meshing therewith. The sun gear S is relatively non-
rotatably coupled to the first rotor shaft 16 of the first electric
motor MG1 by spline fitting and the carrier CA is relatively
non-rotatably connected to a flange portion 14a radially
extending from the input shaft 14. The ring gear R is inte-
grally formed in an inner circumferential portion of a com-
posite gear shaft 40 provided with a counter drive gear 38
described later. Therefore, rotation of the ring gear R is trans-
mitted to the counter drive gear 38.

The composite gear shaft 40 is rotatably supported via a
first bearing 42 and a second bearing 46 by the casing 12.
Specifically, the first bearing 42 is disposed on an inner cir-
cumferential end portion of the composite gear shaft 40 closer
to the damper device 26 in the axial direction, and one axial
end of the composite gear shaft 40 is rotatably supported via
the first bearing 42 by the housing 12a (casing 12). The
second bearing 46 is disposed on an inner circumferential end
portion of the composite gear shaft 40 closer to the first
electric motor MG in the axial direction, and the other axial
end of the composite gear shaft 40 is rotatably supported via
the second bearing 46 by the partition wall 13 (casing 12)
formed on the case 125.

The first rotor shaft 16 is rotatably supported via a third
bearing 48 and a fourth bearing 50 by the casing 12. Specifi-
cally, the third bearing 48 is disposed on an outer circumfer-
ential portion of the first rotor shaft 16 near an intermediate
portion in the axial direction, and one axial end of the first
rotor shaft 16 is rotatably supported via the third bearing 48
by the partition wall 13 ofthe case 125 (casing 12). The fourth
bearing 50 is disposed on an outer circumferential end portion
of the first rotor shaft 16 closer to the cover 12¢ in the axial
direction, and the other axial end of the first rotor shaft 16 is
rotatably supported via the fourth bearing 50 by a cover
member 54 (casing 12) fixed to the cover 12¢ by a bolt 52.

The first electric motor MG1 is disposed on an outer cir-
cumferential side of the first rotor shaft 16. The first electric
motor MG1 mainly includes a stator 56, a rotor 58, and a coil
end 59. The first electric motor MG1 is a so-called motor
generator having a motor function and an electric generation
function. The stator 56 of the first electric motor MG1 is
non-rotatably fixed by a bolt 60 to the casing 12 (case 125).
An inner circumferential portion of the rotor 58 is relatively
non-rotatably fixed to the first rotor shaft 16. Therefore, rota-
tion of the first electric motor MG1 is transmitted to the first
rotor shaft 16. A resolver 62 is disposed for detecting the
rotation speed of the first rotor shaft 16, i.e., the rotation speed
of the first electric motor MG1.

To the counter shaft 18 disposed on the second axis C2, the
power from the engine 8 is transmitted via the damper device
26, the power distribution mechanism 28, and the counter
drive gear 38. The counter shaft 18 is rotatably supported via
a fifth bearing 64 and a sixth bearing 66 by the casing 12.
Specifically, the fifth bearing 64 is disposed on an outer
circumferential end portion of the counter shaft 18 closer to
the housing 124 in the axial direction, and one axial side of the
counter shaft 18 is rotatably supported via the fifth bearing 64
by the housing 12a (casing 12). The sixth bearing 66 is
disposed on an outer circumferential end portion of the
counter shaft 18 closer to the case 125 in the axial direction,
and the other axial side of the counter shaft 18 is rotatably
supported via the sixth bearing 66 by the partition wall 13 of
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the case 125 (casing 12). The counter shatt 18 corresponds to
a second rotating member of the present invention.

A counter driven gear 72 is formed on the counter shaft 18
on the housing 12a side in the axial direction and meshes with
each of the counter drive gear 38 formed on the composite
gear shaft 40 and a reduction gear 70 described later. A
differential drive gear 76 is formed on the counter shaft 18 on
the cover 12¢ side in the axial direction and meshes with a
differential ring gear 74 described later. The counter drive
gear 38, the reduction gear 70, the counter driven gear 72
meshing with the counter drive gear 38 and the reduction gear
70, the differential ring gear 74, and the differential drive gear
76 meshing therewith are all made up of helical gears. The
reduction gear 70 corresponds to a first gear of the present
invention and the counter driven gear 72 corresponds to a
second gear of the present invention.

The power transmission shaft 20 disposed on the third axis
C3 is coupled to the second electric motor MG2 and is rotat-
ably supported via a seventh bearing 78 and an eighth bearing
80 by the casing 12. Specifically, the seventh bearing 78 is
disposed on an outer circumferential end portion of the power
transmission shaft 20 closer to the housing 12« in the axial
direction, and one axial end of the power transmission shaft
20 is rotatably supported via the seventh bearing 78 by the
housing 12a (casing 12). The eighth bearing 80 is disposed on
an outer circumferential end portion of the power transmis-
sion shaft 20 closer to the cover 12¢ in the axial direction, and
the other axial end of the power transmission shaft 20 is
rotatably supported via the eighth bearing 80 by the partition
wall 13 ofthe case 125 (casing). The power transmission shaft
20 corresponds to a first rotating member of the present inven-
tion.

The reduction gear 70 meshing with the counter driven
gear 72 is formed on the power transmission shaft 20. An end
portion of the power transmission shaft 20 closer to the eighth
bearing 80 in the axial direction is non-rotatably spline-fitted
to the second rotor shaft 22. The second rotor shaft 22 is
rotatably supported via a ninth bearing 82 and a tenth bearing
84 by the casing 12. Specifically, the ninth bearing 82 is
disposed on an outer circumferential end portion of the sec-
ond rotor shaft 22 closer to the power transmission shaft 20 in
the axial direction, and one axial end of the second rotor shaft
22 is rotatably supported via the ninth bearing 82 by the
partition wall 13 of the case 125 (casing 12). The tenth bear-
ing 84 is disposed on an outer circumferential end portion of
the second rotor shaft 22 closer to the cover 12c¢ in the axial
direction, and the other axial end of the second rotor shaft 22
is rotatably supported via the tenth bearing 84 by the cover
12¢. The counter driven gear 72 formed on the counter shaft
18 and the reduction gear 70 formed on the power transmis-
sion shaft 20 are meshed with each other to make up a gear
pair 86 coupling the power transmission shaft 20 and the
counter shaft 18 in a power transmittable manner.

The second electric motor MG2 acting as a power source is
disposed on an outer circumferential side of the second rotor
shaft 22. The second electric motor MG2 mainly includes a
stator 88, a rotor 90, and a coil end 91. The second electric
motor MG2 is a so-called motor generator having a motor
function and an electric generation function as is the case with
the first electric motor MG1. The stator 88 of the second
electric motor MG2 is non-rotatably fixed by a bolt 92 to the
case 1256 (casing 12). An inner circumferential portion of the
rotor 90 is relatively non-rotatably fixed to the second rotor
shaft 22. Therefore, rotation of the second electric motor
MGQG?2 is transmitted to the second rotor shaft 22. Since the
second rotor shaft 22 is spline-fitted to the power transmission
shaft 20, rotation of the second rotor shaft 22 is transmitted to
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the reduction gear 70. A resolver 94 is disposed for detecting
the rotation speed of the second rotor shaft 22, i.e., the rota-
tion speed of the second electric motor MG2. The second
electric motor M2 has the rotor 90 disposed radially outside
the second rotor shaft 22 and the weight of the rotor 90 is
extremely larger as compared to the power transmission shaft
20. Therefore, the rotor 90 has the moment of inertia around
the third axis C3 extremely larger than the power transmis-
sion shaft 20. The rotor 90 and the second rotor shaft 22
integrally rotating obviously have the combined moment of
inertia around the third axis C3 extremely larger than the
power transmission shaft 20.

The differential gear 24 disposed on the fourth axis C4 and
acting as a differential device (final reduction gear) is rotat-
ably supported via an eleventh bearing 96 and a twelfth bear-
ing 98 by the casing 12. Specifically, one axial outer circum-
ferential end of a differential case 100 making up the
differential gear 24 is rotatably supported via the eleventh
bearing 96 by the housing 12a (casing 12), and the other axial
outer circumferential end of the differential case 100 is rotat-
ably supported via the twelfth bearing 98 by the case 125
(casing 12). The differential ring gear 74 meshing with the
differential drive gear 76 is fixed by a bolt 102 to outer
circumference of the differential case 100. A specific configu-
ration and operation of the differential gear 24 is known and
will not be described.

The differential gear 24 meshing with the differential drive
gear 76 is depicted as a separate view because the first to
fourth axes C1 to C4 are actually not arranged on one plane.
Specifically, the axes C1 to C4 are arranged as depicted in
FIG. 3. FIG. 3 is a simplified diagram of arrangement posi-
tions of the counter shaft 18, the power transmission shaft 20,
the differential gear 24, the composite gear shaft 40, the first
electric motor MG1, and the second electric motor MG2 and
arrangement positions of the axes C1 to C4, corresponding to
a diagram when the power transmission device 10 of FIG. 2 is
viewed from the direction parallel to the axes. In FIG. 3, an
upper side corresponds to a vertically upper side of the
vehicle 6. In FIG. 3, a mating surface 104 between the hous-
ing 12a depicted in FIG. 2 and an engine case not depicted
corresponds to a part surrounded by a solid line. A mating
surface 106 between the housing 12¢ and the case 124
depicted in FIG. 2 corresponds to a part surrounded by a
broken line. A mating surface 108 between the case 1256 and
the cover 12¢ corresponds to a part surrounded by a dashed-
dotted line.

As depicted in FIG. 3, the third axis C3 acting as a rotation
axis of the second electric motor MG2 and the power trans-
mission shaft 20 is located vertically uppermost and the
fourth axis C4 acting as a rotation axis of the differential gear
24 is located vertically lowermost. The second axis C2 acting
as a rotation axis of the counter shaft 18 is positioned in an
area surrounded by the first axis C1, the third axis C3, and the
fourth axis C4. Both the counter drive gear 38 and the reduc-
tion gear 70 are meshed with the counter driven gear 72, and
the differential drive gear 76 and the differential ring gear 74
are meshed with each other. The gears of this example are all
implemented by using helical gears.

In the drive device 7 configured as described above, the
power of the engine 8 is input via the damper device 26 to the
input shaft 14 and is transmitted from the input shaft 14
sequentially through the power distribution mechanism 28,
the counter drive gear 38, the counter driven gear 72, the
counter shaft 18, the differential drive gear 76, the differential
gear 24, a pair of axles, etc., to a pair of the drive wheels 9.
Therefore, the input shaft 14, the power distribution mecha-
nism 28, the counter drive gear 38, the counter driven gear 72,
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the counter shaft 18, the differential drive gear 76, and the
differential gear 24 make up an engine power transmission
path that is a power transmission path from the engine 8 to the
drive wheels 9. The power distribution mechanism 28 has a
differential state controlled by the first electric motor MG1
coupled to the sun gear S, thereby acting as an electric con-
tinuously variable transmission. Torque of the second electric
motor MGG2, i.e., power of the second electric motor MG2, is
supplied via the power transmission shaft 20 and the reduc-
tion gear 70 to the counter driven gear 72 making up a portion
of the engine power transmission path. Therefore, the power
of the second electric motor MG2 is transmitted from the
second rotor shaft 22 sequentially through the power trans-
mission shaft 20, the reduction gear 70, the counter driven
gear 72, the counter shaft 18, the differential drive gear 76, the
differential gear 24, a pair of the axles, etc., to a pair of the
drive wheels 9.

FIG. 4 is a partially enlarged cross-sectional view of a
portion A surrounded by a dashed-dotted line near the third
axis C3 of FIG. 2. As depicted in FIG. 4, the rotor shaft 22 of
the second electric motor MG2 has a cylindrical shape and is
rotatably supported via the ninth bearing 82 and the tenth
bearing 84 disposed on the both outer circumferential end
portions thereof by the casing 12. The power transmission
shaft 20 has a cylindrical shape and is rotatably supported via
the seventh bearing 78 and the eighth bearing 80 by the casing
12. The power transmission shaft 20 and the rotor shaft 22 are
relatively non-rotatably coupled by spline fitting. Specifi-
cally, spline outer circumferential teeth 109 are formed on an
outer circumferential surface of the power transmission shaft
20 on the tenth bearing 84 side in the axial direction while
spline inner circumferential teeth 111 are formed on an inner
circumferential surface of the rotor shaft 22 on the seventh
bearing 78 side in the axial direction, and these teecth are
relatively non-rotatably fitted to each other.

The seventh bearing 78 and the eighth bearing 80 rotatably
supporting the power transmission shaft 20 have respective
inner rings fitted and attached to the power transmission shaft
20 by press fitting and outer rings axially movably (slidably)
fitted and attached to the casing 12. For example, describing
the seventh bearing 78, an inner ring 78a of the seventh
bearing 78 is fitted and attached by press fitting at a position
abutting on a stopper wall 113 perpendicular to the axis C3
formed on the power transmission shaft 20. Therefore, the
inner ring 78a is fixed relatively non-rotatably and relatively
unmovably in the axial direction to the power transmission
shaft 20. On the other hand, an outer ring 785 of the seventh
bearing 78 is fitted and attached to an annular hole 110 formed
in the housing 12a (casing 12) and is allowed to move (slide)
in the axial direction relative to the annular hole 110. The
seventh bearing 78 corresponds to an outer-wall bearing of
the present invention.

The eighth bearing 80 has an inner ring 80a fitted and
attached by press fitting at a position abutting on a stopper
wall 115 perpendicular to the axis C3 formed on the power
transmission shaft 20. Therefore, the inner ring 80q is fixed
relatively non-rotatably and relatively unmovably in the axial
direction to the power transmission shaft 20. On the other
hand, an outer ring 805 of the eighth bearing 80 is fitted and
attached to a through-hole 112 formed in the partition wall 13
(the case 125, the casing 12) for allowing penetration of the
power transmission shaft 20 such that the outer ring 805 is
allowed to move (slide) in the axial direction. The eighth
bearing 80, the inner ring 80a, and the outer ring 805 corre-
spond to an inner-wall bearing of the present invention, an
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inner ring of the inner-wall bearing of the present invention,
and an outer ring of the inner-wall bearing of the present
invention, respectively.

The outer ring 8054 is always biased by a disk spring 114
that is an elastic member toward the tenth bearing 84 in the
axial direction. The partition wall 13 is provided with an
annular wall 116 in an annular shape extending from an inner
circumferential surface of the through-hole 112 to an inner
circumferential side, and one axial end of the outer ring 805
abuts on a side surface of the annular wall 116 so that move-
ment in one axial direction is limited. An annular groove 118
is formed in the inner circumferential surface of the through-
hole 112 and a snap ring 120 is axially unmovably fitted and
attached to the annular groove 118. The disk spring 114
(elastic member) is provided in a preloaded state between the
other axial end of the outer ring 805 and the snap ring 120.
Therefore, the outer ring 806 is always biased (pressed) by a
bias force of the disk spring 114 toward the annular wall 116
formed on the partition wall 13. Since the inner ring 80q is
fixed to the power transmission shaft 20 by press fitting, when
the outer ring 805 is biased, the power transmission shaft 20
is also pressed against the annular wall 116, i.e., the partition
wall 13, via balls 80¢ and the inner ring 80a of the eighth
bearing 80. In other words, the disk spring 114 is provided in
a preloaded state between the eighth bearing 80 axially
unmovably fixed to the power transmission shaft 20 and the
snap ring 120 integrally fixed to the inner wall 13 and the disk
spring 114 presses the power transmission shaft 20 toward the
partition wall 13. The disk spring 114 corresponds to an
elastic member of the present invention and the annular wall
116 corresponds to a side wall of the present invention.

During running while the engine 8 is operating, i.e., while
the engine power transmission path from the engine 8 to the
drive wheels 9 is in a power transmission state, if the torque of
the second electric motor MG2 becomes zero or substantially
zero inthe drive device 7, no power is transmitted to the power
transmission shaft 20, resulting in a floating state. In this case,
if rotation variation due to explosion variation of the engine 8
is transmitted via the damper device 26, the power distribu-
tion mechanism 28, and the counter drive gear 38 to the
counter driven gear 72, the rotation variation is also transmit-
ted to the reduction gear 70 meshed with the counter driven
gear 72, and the power transmission shaft 20 provided with
the reduction gear 70 fluctuates in the rotation direction and
the axial direction (thrust direction), generating rattling noise
attributable to collision of the power transmission shaft 20
with the casing 12. Particularly, while the torque ofthe second
electric motor MG2 is zero or substantially zero, since the
second electric motor MGG2 is in a power transmission inter-
rupting state, the rotor 90 of the second electric motor MG2
having a large inertial mass no longer contributes as the
inertia (inertial mass) of a power transmission system, and the
inertia becomes smaller also in the entire power transmission
system. Therefore, the rotation variation of the engine 8 is
more easily transmitted to the reduction gear 70. The power
transmission shaft 20 fluctuates in the thrust direction
because the reduction gear 70 and the counter driven gear 72
are made up of helical gears and the meshing of these gears
generates a component force acting in the thrust direction.

Since the power transmission shaft 20 is biased by the disk
spring 114 via the eighth bearing 80 to the partition wall 13 in
this example, even if the power transmission shaft 20 vibrates
in the thrust direction due to the rotation variation of the
engine 8 while the torque of the second electric motor MG2 is
zero or substantially zero, the power transmission shaft 20
collides only with the partition wall 13. Therefore, when the
power transmission shaft 20 vibrates in the thrust direction,
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the power transmission shaft 20 collides with the partition
wall 13, and impact force due to the collision is input only to
the partition wall 13 and is not input to the housing 12a also
acting as an outer wall of the casing 12. Thus, this reduces the
vibration of the housing 12a also acting as the outer wall due
to the collision with the power transmission shaft 20 and also
reduces rattling noise generated by vibration of a wall surface
thereof.

FIG. 5 is a schematic of a configuration of the drive device
7 of FIG. 2. Although two counter driven gears 72 are
depicted in FIG. 5, this is because the reduction gear 70 and
the counter drive gear 38 are arranged at positions shifted in
the axial direction so as to clarify that the counter driven gear
72 is meshed with each of the reduction gear 70 and the
counter drive gear 38 and, therefore, the counter driven gears
72 are separately depicted as the gears 72 meshed therewith
only for convenience and, in fact, as depicted in FIG. 2, the
reduction gear 70 and the counter drive gear 38 are arranged
atthe same positions in the axial direction, i.e., at overlapping
positions in the radial direction and the one counter driven
gear 72 is present. In FIG. 5, the differential drive gear 76 is
not depicted.

As can be seen from FIG. 5, the reduction gear 70 and the
power transmission shaft 20 coupled thereto are always
pressed against the partition wall 13 by the elastic member
(disk spring 114). Therefore, while the torque of the second
electric motor MG2 is zero or substantially zero, if the reduc-
tion gear 70 and the power transmission shaft 20 vibrate in the
thrust direction due to the rotation variation of the engine 8,
since the reduction gear 70 and the power transmission shaft
20 are pressed against the partition wall 13 by the disk spring
114, the power transmission shaft 20 collides only with the
partition wall 13. As a result, the impact force due to the
collision is not input to the outer wall of the casing 12 (e.g.,
the housing 124) and, therefore, the rattling noise is reduced
that is generated by the vibration of the outer wall of the
casing 12.

Returning to FIG. 4, the drive device 7 of this example is
configured such that when the torque of the second electric
motor MG2 becomes equal to or greater than a predetermined
value, the torque is transmitted to the power transmission
shaft 20 and causes the housing 12a acting as the outer wall to
receive a gear reaction force in the thrust direction generated
between the reduction gear 70 formed on the power transmis-
sion shaft 20 and the counter driven gear 72 meshed there-
with. For example, outer circumferential teeth of the counter
driven gear 72 and the reduction gear 70 are formed such that
when the second electric motor MG2 outputs a positive
torque (torque in the forward rotation direction), a thrust force
F generated between the counter driven gear 72 and the reduc-
tion gear 70 acts toward the seventh bearing 78 in the axial
direction. The outer circumferential teeth are configured such
that when the torque of the second electric motor MG2
becomes equal to or greater than the predetermined value, the
power transmission shaft 20 is pressed toward the seventh
bearing 78 by the thrust force F acting on the power transmis-
sion shaft 20 against the bias force of the disk spring 114. The
predetermined value of the torque of the second electric
motor is preliminarily obtained and is set to a threshold value
of'a torque region in which rattling becomes problematic, for
example. In this example, the rattling noise is considered
problematic that is generated in the torque region when the
torque of the second electric motor MG2 is zero or substan-
tially zero and, therefore, the predetermined value is substan-
tially zero. The rigidity of the disk spring 114 and axial gaps
formed between the components are set such that when the
torque of the second electric motor becomes equal to or
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greater than the predetermined value (e.g., during high-load
running), the power transmission shaft 20 is biased toward the
housing 12a against the bias force of the disk spring 114 by
the gear reaction force (thrust force F) between the reduction
gear 70 and the counter driven gear 72. The gear reaction
force in the thrust direction is generated because both the
reduction gear 70 and the counter driven gear 72 are made up
of helical gears.

As described above, according to this example, when the
torque of the second electric motor MG2 becomes zero or
close to zero, no torque may be transmitted to the power
transmission shaft 20 and the reduction gear 70 formed
thereon, and the power transmission shaft 20 and the reduc-
tion gear 70 may enter the floating state. In this case, when the
rotation variation due to explosion variation of the engine 8 is
transmitted to the power transmission shaft 20 and causes the
power transmission shaft 20 to vibrate in the rotation direc-
tion and the thrust direction (axial direction), rattling occurs
that is collision between the power transmission shaft 20 and
the casing 12, and the impact force thereof vibrates a case
surface of the casing 12 and generates the rattling noise. In
this regard, since the disk spring 114 presses the power trans-
mission shaft 20 toward the partition wall 13 in this configu-
ration, the power transmission shaft 20 can be allowed to
collide only with the partition wall 13 side even when the
rattling occurs. Therefore, because the impact force due to the
rattling is not input to the outer wall side of the casing 12 (such
as the housing 12a), the rattling noise is reduced that is
generated by the vibration of the outer wall surface of the
casing 12. The present invention changes an impact point
(input point) due to the rattling to reduce the rattling noise
itself rather than changing control by the second electric
motor MG2 or an operation point of the engine 8 to suppress
the rattling as in the conventional case and therefore also
prevents a running shock generated in exchange for control-
ling the second electric motor MG2 and deterioration in fuel
efficiency due to a change in the operation point of the engine
8.

According to this example, the gear pair is made up of the
reduction gear 70 formed on the power transmission shaft 20
and the counter driven gear 72 formed on the counter shaft 18
and meshed with the reduction gear 70, and the power trans-
mission shaft 20 is configured such that when the second
electric motor MG2 outputs the torque equal to or greater than
the predetermined value set in advance, the power transmis-
sion shaft 20 is biased toward the housing 12a acting as a
portion of the outer wall by the thrust force F acting on the
power transmission shaft 20 against the bias force of the disk
spring 114. As a result, the power transmission shaft 20 is
allowed to collide with the partition wall 13 in the torque
region of the second electric motor MG2 in which rattling
occurs in the power transmission shaft 20 and, when a greater
torque is transmitted by the second electric motor MG2, the
gear reaction force in the thrust direction can be received by
the housing 12a acting as a portion of the outer wall, thereby
allowing the partition wall 13 and the housing 12a of the
casing 12 to receive support load of the power transmission
shaft 20. Therefore, since support load applied toward the
partition wall 13 is reduced, deterioration in durability can be
suppressed in the eighth bearing 80 disposed on the partition
wall 13 and supporting the power transmission shaft 20.

According to this example, the partition wall 13 is a wall
separating the motor chamber 19 housing the second electric
motor MG2 and the gear chamber 21 housing the power
transmission shaft 20 and the counter shaft 18 in the casing
12, and the power transmission shaft 20 is rotatably supported
via the eighth bearing 80 by the partition wall 13 with the
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inner ring 80a of the eighth bearing 80 press-fitted into the
power transmission shaft 20 and the outer ring 8056 of the
eighth bearing 80 pressed by the disk spring 114 against the
annular wall 116 formed on the partition wall 13. As a result,
since the outer ring 805 of the eighth bearing 80 is pressed by
the disk spring 114 against the annular wall 116, the power
transmission shaft 20 is pressed against the partition wall 13
via the eighth bearing 80.

Another example of the present invention will be
described. In the following description, the portions common
with the example are denoted by the same reference numerals
and will not be described.

SECOND EXAMPLE

FIG. 6 is a partially enlarged cross-sectional view of a
portion around the second electric motor MG2 and the power
transmission shaft 20 in a hybrid vehicle drive device 150
(hereinafter referred to as a drive device 150) that is another
example of the present invention, corresponding to FIG. 4 of
the example. Comparing FIG. 6 with FIG. 4 of the example,
friction materials acting as damping elements (friction
mechanisms, hysteresis mechanisms) are added to a spline
fitting portion 152 coupling the power transmission shaft 20
and the rotor shaft 22 indicated by a dashed-two dotted line B,
a gap between the eighth bearing 80 and the partition wall 13,
and a gap between the seventh bearing 78 and the housing 124
(casing 12) in this example. The other constituent elements
are the same as the example and therefore will not be
described. Specific structures of the friction materials dis-
posed on the respective parts will hereinafter be described.

In the spline fitting portion 152 between the rotor shaft 22
of'the second electric motor MG2 and the power transmission
shaft 20 surrounded by the dashed-two dotted line B of FIG.
6, a friction material 154 acting as a damping element sup-
pressing resonance due to the disk spring 114 is formed in a
gap formed between respective spline teeth. FIG. 7 is a dia-
gram of the spline fitting portion 152 viewed in the axial
direction. As depicted in FIG. 7, the friction material 154
corresponding to a damping element of the present invention
is interposed in a gap formed between the spline outer cir-
cumferential teeth 109 formed on the power transmission
shaft 20 side and the spline inner circumferential teeth 111
formed on the rotor shaft 22 side. Specifically, a plurality of
friction materials 154q are interposed in gaps between tooth
top surfaces of the spline outer circumferential teeth 109 and
tooth bottom surfaces of the spline inner circumferential teeth
111. A plurality of friction materials 1545 are interposed in
gaps between tooth bottom surfaces of the spline outer cir-
cumferential teeth 109 and tooth top surfaces of the spline
inner circumferential teeth 111. The friction materials 1544,
1545 are affixed to either the spline outer circumferential
teeth 109 or the spline inner circumferential teeth 111, for
example. Therefore, when the power transmission shaft 20
and the rotor shaft 22 slide (relatively move) in the axial
direction (thrust direction), a friction force is generated
between the friction materials 154a, 1545 and parts sliding
thereon (the spline outer circumferential teeth 109 or the
spline inner circumferential teeth 111).

Returning to FIG. 6, a friction material 160 formed into a
cylindrical shape and acting as a damping element suppress-
ing resonance due to the disk spring 114 is provided between
an outer circumferential surface of the outer ring 805 of the
eighth bearing 80 and the through-hole 112 of the partition
wall 13. The friction material 160 is affixed to either the outer
circumferential surface of the outer ring 805 or the inner
circumferential surface of the through-hole 112 of the parti-
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tion wall 13, for example. Therefore, when the power trans-
mission shaft 20 fluctuates in the axial direction (thrust direc-
tion), a friction force is generated between the friction
material 160 and the outer ring 805 or the through-hole 112
sliding thereon.

A friction material 162 formed into a cylindrical shape and
acting as adamping element suppressing resonance due to the
disk spring 114 is provided between an outer circumferential
surface of the outer ring 785 of the seventh bearing 78 and the
annular hole 110 formed on the housing 12a (casing 12). The
friction material 162 is affixed to either the outer circumfer-
ential surface of the outer ring 784 or an inner circumferential
surface ofthe annular hole 110, for example. Therefore, when
the power transmission shaft 20 fluctuates in the axial direc-
tion (thrust direction), a friction force is generated between
the friction material 162 and the outer ring 785 or the annular
hole 110 sliding thereon.

The friction materials 154, 160, 162 (hereinafter referred to
as the friction material if not particularly distinguished) act as
the damping elements. Specifically, as described above, the
power transmission shaft 20 is biased by the disk spring 114
acting as an elastic member toward the partition wall 13. If
such an elastic member is disposed, a resonance system is
generally formed. Therefore, resonance occurs at the reso-
nance frequency of this resonance system. In this regard,
since the friction material is disposed that generates a friction
force when the power transmission shaft 20 fluctuates in the
thrust direction, the friction material acts as a hysteresis
mechanism (friction mechanism) suppressing the resonance
and, therefore, vibration of the resonance system can be sup-
pressed. The friction coefficients etc. of the friction material
are appropriately adjusted such that the vibration of the reso-
nance system is suppressed.

The friction material acting as the damping element is
desirably disposed on parts not generating differential rota-
tion between the parts supporting the friction material. This is
because if the friction material is disposed on parts generating
differential rotation, drag is always generated therebetween
and deteriorates fuel efficiency. For example, the power trans-
mission shaft 20 and the rotor shaft 22 are spline-fitted and
therefore are parts that are relatively non-rotatable, i.e., that
generate no differential rotation. The outer ring 8056 of the
eighth bearing 80 and the partition wall 13 supporting the
friction material 160 are not relatively rotatable and therefore
generate no differential rotation. Similarly, the outer ring 785
of'the seventh bearing 78 and the housing 124 supporting the
friction material 162 are not relatively rotatable and therefore
generate no differential rotation. Thus, when the friction
material is disposed on these parts, the resonant vibration is
suppressed and the deterioration in fuel efficiency is pre-
vented.

A damping element depicted in FIG. 8 may be disposed
instead of the friction materials 160, 162 disposed on the
seventh bearing 78 and the eighth bearing 80. FIG. 8 depicts
a configuration with a ring 166 acting as the damping element
disposed on the seventh bearing 78. As depicted in FIG. 8, an
annular groove 168 in an annular shape is formed in the outer
ring 785 of the seventh bearing 78. An annular groove 170 in
an annular shape is formed in the inner circumferential sur-
face of the annular hole 110 at the same position as the annular
groove 168 in the axial direction, i.e., at a position overlap-
ping with the annular groove 168 in the radial direction. The
annular ring 166 consisting of an elastic member is fitted and
attached into an annular space formed by the annular grooves
168,170. Thering 166 has the center of a cross section thereof
set substantially equal to a position of mating surfaces
between the outer circumferential surface of the outer ring
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78b and the annular hole 110 of the housing 12¢ in the radial
direction. Therefore, if the power transmission shaft 20 fluc-
tuates in the axial direction (thrust direction), the fluctuation
is damped by an elastic returning force of the ring 166. As a
result, since the ring 166 acts as the damping element, the
same effect as the friction material 162 can be acquired also in
the structure depicted in FIG. 8. The same configuration can
be achieved not only in the seventh bearing 78 but also in the
eighth bearing 80.

As described above, since the disk spring 114 acting as the
elastic member is disposed in this example, the same effect as
the example can be acquired. The rotor shaft 22 of the second
electric motor M2 and the power transmission shaft 20 are
coupled by spline fitting and the friction material 154 sup-
pressing the resonance due to the disk spring 114 is disposed
in a gap formed in the spline fitting portion 152 between the
rotor shaft 22 ofthe second electric motor MG2 and the power
transmission shaft 20. As a result, although the resonance
system is formed by disposing the disk spring 114, the friction
material 154 can suppress the vibration of the resonance
system.

According to this example, the friction material 160 sup-
pressing the resonance due to the disk spring 114 is disposed
between the partition wall 13 and the eighth bearing 80. As a
result, although the resonance system is formed by disposing
the disk spring 114, the friction material 160 can suppress the
vibration of the resonance system.

According to this example, the power transmission shaft 20
is rotatably supported via the seventh bearing 78 by the outer
wall (housing 12a) of the casing 12 and the friction material
162 suppressing the resonance due to the disk spring 114 is
disposed between the housing 124 and the seventh bearing 78.
As a result, although the resonance system is formed by
disposing the disk spring 114, the friction material 162 can
suppress the vibration of the resonance system.

Although the examples of the present invention have been
described in detail with reference to the drawings, the present
invention is applicable in other forms.

For example, although the snap ring 120 is disposed as a
member supporting the disk spring 114 in the examples, the
member is not necessarily limited to the snap ring 120 and
may be changed as needed to, for example, amember fixed by
welding.

Although the disk spring 114 is used as the elastic member
in the examples, the elastic member is not necessarily limited
to the disk spring 114 and the power transmission shaft 20
may be configured to be biased toward the partition wall 13 by
using, for example, an elastic body such as rubber and resin.

Although the partition wall 13 is a wall forming the motor
chamber 19 and the gear chamber 21 in the casing 12 in the
examples, the inner wall is not necessarily limited thereto and
may be formed in another part. The inner wall may not nec-
essarily be a partition wall separating spaces and may be a
structure only partially projecting from the outer wall of the
casing 12 to an inner circumferential side.

Although the friction material 154, the friction material
160, and the friction material 162 are disposed on the drive
device 150 in the example, these friction materials may not all
be disposed on the parts and any configuration disposed with
at least one of these friction materials may be available.

Although the spline fitting portion 152 has the friction
materials 154a disposed between the tooth top surfaces of the
spline outer circumferential teeth 109 and the tooth bottom
surfaces of the spline inner circumferential teeth 111 and the
friction materials 1545 disposed between the tooth bottom
surfaces of the spline outer circumferential teeth 109 and the
tooth top surfaces ofthe spline inner circumferential teeth 111
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in the example, a configuration disposed with either the fric-
tion materials 154a or the friction materials 1545 may be
available. The friction material 154 may not necessarily be
disposed over the entire circumference and may be disposed
in a circumferentially dispersed manner, for example.

Although the examples have the predetermined value of
the second electric motor MG2 set to substantially zero by
way of example, the predetermined value is not necessarily
limited to such a low value and may be set to a larger value. In
short, the predetermined value may appropriately be changed
depending on a type of a vehicle etc.

The above description is merely an embodiment and the
present invention may be implemented in variously modified
and improved forms based on the knowledge of those skilled
in the art.

NOMENCLATURE OF ELEMENTS

8: engine 12: casing (case) 12a: housing (outer wall) 13:
partition wall (inner wall) 18: counter shaft (second rotating
member) 19: motor chamber 20: power transmission shaft
(first rotating member) 21: gear chamber 70: reduction gear
(first gear) 72: counter driven gear (second gear) 78: seventh
bearing (outer-wall bearing) 80: eighth bearing (inner-wall
bearing) 80a: inner ring (inner ring of the inner-wall bearing)
804: outer ring (outer ring of the inner-wall bearing) 86: gear
pair 114: disk spring (elastic member) 116: annular wall (side
wall) 152: spline fitting portion 154: friction material (damp-
ing element) 160: friction material (damping element) 162:
friction material (damping element) 166: ring (damping ele-
ment) MG2: second electric motor (electric motor)

The invention claimed is:

1. A drive device of a hybrid vehicle including an engine
and an electric motor acting as power sources, the drive
device comprising:

a first rotating member coupled to the electric motor and

disposed along a first rotation axis;

a second rotating member to which power from the engine
is transmitted and disposed along a second rotation axis
different than the first rotation axis;

a case that includes an inner wall extending from an outer
wall of the case toward an inside of the case;

an inner-wall bearing rotatably supporting the first rotating
member is interposed between the first rotating member
and the inner wall, an inner ring of the inner-wall bearing
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being press-fitted to the first rotating member and an
outer ring of the inner-wall bearing being axially mov-
ably fitted and attached to the inner wall;

an elastic member pressing the outer ring of the inner-wall
bearing against a side wall formed on the inner wall; and

a mechanism having a first gear made up of a helical gear
formed on the first rotating member and a second gear
made up of a helical gear formed on the second rotating
member with the first gear and the second gear meshed
with each other within the case.

2. The drive device of a hybrid vehicle of claim 1, wherein

when the electric motor outputs a torque equal to or greater
than a predetermined value set in advance, the first rotat-
ing member is biased toward a direction away from the
inner wall of the case by a thrust force acting on the first
rotating member against a bias force of the elastic mem-
ber.

3. The drive device of a hybrid vehicle of claim 1, wherein

the inner wall is a partition wall in the case separating a
motor chamber housing the electric motor and a gear
chamber housing the first rotating member and the sec-
ond rotating member.

4. The drive device of a hybrid vehicle of claim 3, wherein

a friction material suppressing resonance due to the elastic
member is disposed between the inner wall and the
inner-wall bearing.

5. The drive device of a hybrid vehicle of claim 1, wherein

a rotor shaft of the electric motor and the first rotating
member are coupled to each other by spline fitting, and
wherein

a friction material suppressing resonance due to the elastic
member is disposed in a gap formed in a spline fitting
portion between the rotor shaft of the electric motor and
the first rotating member.

6. The drive device of a hybrid vehicle of claim 3, wherein

the first rotating member is further rotatably supported via
an outer-wall bearing by the outer wall of the case, and
wherein

a friction material suppressing resonance due to the elastic
member is disposed between the outer wall and the
outer-wall bearing.
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